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Composition of the Group

• Theory Group has six permanent staff members:

     E. Berger     (Collider physics, QCD, BSM) 
     G. Bodwin    (QCD, Quarkonium physics)
     D. Sinclair    (Lattice gauge Theories)
     T. Tait          (Collider physics, BSM, Cosmology)
     C. Zachos    (Mathematical Physics)
     C. Wagner   (Collider Physics, BSM, Cosmology)

• Tim was recently hired. He is an expert on collider, Higgs, top-quark and 
beyond the Standard Model physics.



Productivity
• Group has been very productive on a broad range of areas of physics. 
     In the last five years, staff members have published 100 articles in   refereed   

journals. This includes many articles published with more than one staff 
member as a co-author.  Independent postdoc   articles also quite significant in 
number (more than 50 articles). 

• Theory group is very strong in the areas related to phenomenology of particle 
physics: Collider physics, QCD, Higgs  physics, heavy quarkonia and beyond 
the standard model phenomenology.

• The group has  produced many relevant articles in the areas of cosmology  
and astroparticle physics, in particular on the questions of

     dark-matter and baryogenesis.

• The group is also strong in  non-perturbative studies of QCD, as well as the 
analysis of other non-perturbative configurations, like Skyrmions and 
instantons in four and five dimensions.



Postdocs

• Activities of the group have been reinforced by several young 
postdoctoral fellows. 

• Most of them have found excellent positions and
     carry successful careers after their stay at Argonne

• Notable cases are  John Campbell, Cheng-Wei Chiang, David 
Kaplan, Jing Jiang, Jungil Lee, Geraldine Servant, Irina Mocioiu

     and Tim Tait.

• Excellent group of postdocs joined us in last years: C. Balazs 
(collider     physics, BSM, dark matter), P. Batra (collider 
physics,BSM),   B. Lillie (collider physics, BSM) and P. Nadolsky 
(QCD, collider physics).



Contact with the University of Chicago

• One of the staff members, C.W., has a joint position with the University of 
Chicago and is teaching a course per year.  He is now appointed  as  

      a full professor there, holding a tenured, half-time position.

• Two students from the UofC, D. Morrissey (last year)  and A. Menon, have 
been working regularly at the Theory Group, and a few more are joining the 
group. Morrissey moved in October to the Univ. of Michigan, Ann Arbor

• Successful Argonne/UofC joint postdoctoral program, mantained 
     for the  last four years. All the postdoctoral fellows participating 
     in this program obtained professorships in different Universities around the 

world, soon after leaving Argonne (Kaplan), or during their stay at the 
laboratory (Chiang, Servant).

• Recent postdoc (Mocioiu) got a tenure-track position at Penn State.
     We just hired B. Lillie, a Stanford student, to fill-out the joint 
     postdoctoral position.



Organization of Workshops and Schools

• The group has organized seven international workshops at the 
Argonne HEP Division in the last five years.

• Subjects included 
• Higgs, Supersymmetry, extra dimensions (E. Berger, T. Tait and C. Wagner)
• Neutrino Physics (E. Berger, M. Goodman, C. Wagner)
• QCD in extreme environments (D.K. Sinclair)
• Brane Dynamics (C. Zachos)

     It has also host two Greater Chicagoland Meetings and Lab-wide
     Theory Meetings. 

    All these activities have greatly increased the visibility of the group.
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                     QCD Analyses











              Higgs and Beyond the 
 
             Standard Model Physics



An SU(2) Gauge Extension

• Solution to little hierarchy problem:
      Increase the Higgs mass by having it 

participate in new strong gauge 
interactions.

• Consistent with data, mH may increase 
as high as 250 GeV – radically affecting 
MSSM Higgs phenomenology.

• We invoke a new SU(2) interaction 
under which the Higgses and third 
family are charged.

            SU(2)1 x SU(2)2 x U(1)Y

• This model has been called 
“Topflavor”: a separate weak 
interaction for the 3rd family.

• Because SU(2)1 is asymptotically free, it 
has no problems with strong coupling at 
high energies.

• The extra W’s are a hallmark of the 
model, and can be observed in single 
top at the LHC.

P Batra, A. Delgado, D.E. Kaplan, T Tait, JHEP 0402,043 (2004) 

Z. Sullivan, hep-ph/0306266



Proton Decay

• In the absence of additional fermion degrees of freedom, proton must decay 
into leptons.

• Hence, proton decay requires B and L violation. Both quantum numbers are 
violated by anomalous processes, which, however, are exponentially 
suppressed 

• In addition, in the SM, B and L are violated by at least three units, making 
proton decay impossible.  Both restrictions are avoided in the above theory.

Γ ! exp(−4π/αW )

coupling g1, the semi-classical approximation used to derive the effective instanton operator
is expected to break down.

5 Proton Decay from SU(2)1 Instantons

The observed stability of the proton often leads to very strong constraints on theories beyond
the Standard Model which contain baryon number violating interactions. This is true for
the SU(2)1×SU(2)2 extension considered here since the operator of Eq. (49) violates B and
L by one unit, and can induce the decay of the proton into a meson and a light lepton. As
we shall see below, the experimental limit on the proton lifetime implies a lower bound on
the SU(2)1-breaking scale u, and an upper bound on the gauge coupling g1.

For SU(2)1 instanton induced decays to occur, however, the third generation quarks
must be connected with the first generation quarks that make up the proton. Such a link
is provided by the flavor-changing couplings of the quarks with the W gauge bosons. The
Feynman diagrams for the process p → K+ν̄τ generated in this way are shown in Fig. 3.
Both of these are suppressed by two loop factors. A second possibility, that avoids this loop
suppression, is that the light quark mass eigenstates in the proton contain a small admixture
of the third generation gauge eigenstates that couple directly to SU(2)1. This generates a
contribution to the proton decay amplitude that is not suppressed by any loop factors, but
does involve elements of the up and down quark mixing matrices. Since these elements are
unknown (only their product is measured through the CKM matrix), we will ignore this
possibility and focus solely on the contributions involving W boson loops. Barring unusual
cancellations, this will set a lower bound on the instanton-induced proton decay rate.
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Figure 3: Feynman diagrams for anti-instanton mediated proton decay.

The operator responsible for p → K+ν̄τ decay is the εabc(taL ·bb
L)(bc

L ·τL) term in Eq. (49).
By connecting the legs of this operator to first and second generation quarks through W
bosons, as shown in Fig. 3, we obtain a pair of operators that directly mediate proton decay.
Both of these diagrams involve a pair of loop integrations, and in each case the two loops
are independent as a result of the locality of the effective operator.
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Constraints on the strong coupling where Vf , Lf , and If are given above.
In computing the numerical value of the proton decay rate, we set the renormalizaton

scale in Eq. (62) equal to the symmetry breaking scale, µ = V. This corresponds to a
matching at this scale. In principle, one should also include the running of the effective
operator induced by QCD. However, we ignore this effect, as it is expected to be of order
unity.
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Figure 4: Proton lifetime due to SU(2)1 instantons for u = 2 TeV (solid red), u = 3 TeV
(dotted green), and u = 5 TeV (dashed blue). Also shown in this figure (flat dotted line) is
the 90% c.l. experimental lower bound on the proton lifetime [30].

The instanton mediated proton lifetime as a function of the SU(2)1 coupling is shown in
Fig. 4. Also shown in this figure is the current experimental 90% c.l. limit on proton decay
via p → K+ν̄ [30]:

τp > 2.3 × 1033 yr. (66)

From the figure, we see that g1 ! 1.5 is required to satisfy the proton decay constraint.
This upper limit on the gauge coupling g1 puts an interesting bound on models that make
use of the SU(2)1 ×SU(2)2 gauge structure, such as topflavor and non-commuting extended
technicolor. It also limits the amount by which the Higgs mass may be raised through
D-terms in supersymmetric theories.

The results above were obtained for values of u of the order of a few TeV. The bounds
on g1 may be relaxed by increasing the value of u. However, since the proton decay rate is
proportional to u−4, while it depends exponentially on the value of g−2

1 , a large increase on
u would be necessary to significantly modify the bounds on g1. Alternatively, one can find
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D. Morrissey,  T. Tait and C.W. PRD 72, 095003, 2005

Γ ! m5
P

u4
exp(−4π/α1)

P → K+ν̄





σ(bb̄A)×BR(A→ bb̄) # σ(bb̄A)SM
tan2 β

(1 + ∆b)
2 ×

9
(1 + ∆b)

2 + 9

σ(bb̄, gg → A)×BR(A→ ττ) # σ(bb̄, gg → A)SM
tan2 β

(1 + ∆b)
2 + 9

• Searches at the Tevatron and the LHC are induced by production channels 
associated with the large bottom Yukawa coupling.

• Since, depending on the parameters,                            there may be a strong 
deependence on the parameters in the bb search channel, which is strongly 
reduced in the tau tau mode.

• The tau mode provides a more stable definition of the bound on            as 
well as of the future reach of the LHC. 

Searches for non-standard Higgs bosons

∆b ! ±O(1)

tanβ

M. Carena, S. Heinemeyer, G.Weiglein,C.W’05, to appear in EJPC
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Figure 1: Change in the limits obtained from the bb̄φ, φ → bb̄ channel in the mmax
h (left) and

no-mixing (right) benchmark scenarios for different values of µ. The value µ = −200 GeV
was chosen by the D0 Collaboration in Ref. [6]. The other curves indicate the corre-
sponding limits for µ = −300, +200, +500 GeV. The curves for µ = +500, +1000 GeV
(µ = +1000 GeV) are not shown in the left (right) plot for the mmax

h (no-mixing) scenario,
since for these µ values there is no tan β exclusion below tanβ = 130 for any value of MA.

In Ref. [4] the definition of the mmax
h and no-mixing scenarios given in Ref. [3] has been

updated, and the “small αeff” scenario and the “gluophobic Higgs scenario” have been pro-
posed as additional scenarios for the search for the light CP-even Higgs boson at the Teva-
tron and the LHC. The sign of µ in the mmax

h and no-mixing scenarios has been reversed to
µ = +200 GeV in Ref. [4]. This leads typically to a better agreement with the constraints
from (g − 2)µ. Furthermore, the value of MSUSY in the no-mixing scenario was increased ←

from 1 TeV [3] to 2 TeV in order to ensure that most of the parameter space of this scenario
is in accordance with the LEP exclusion bounds [1, 2].

Another scenario defined in Ref. [4] is the “constrained-mmax
h ” scenario. It differs from

the mmax
h scenario as specified in Ref. [4] by the reversed sign of Xt,

XOS
t = −2 MSUSY (FD calculation),

XMS
t = −

√
6MSUSY (RG calculation) . (28)

This results in better agreement with the constraints from BR(b → sγ). For large tan β one
has At ≈ Xt, thus At and mg̃ have opposite signs. This can lead to cancellations in the
two contributions entering ∆b, see eq. (15). In contrast to the mmax

h scenario, where the two
contributions entering ∆b add up, see eq. (26), the constrained-mmax

h scenario typically yields ←

relatively small values of ∆b and therefore a correspondingly smaller effect on the relation ←

between the bottom-quark mass and the bottom Yukawa coupling, e.g.

constrained mmax
h scenario, µ = +200 GeV, tan β = 50 : ∆b = −0.001 . (29)
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Searches at the Tevatron in the bb mode.
Current limits from D0

M. Carena, S. Heinemeyer, G.Weiglein,C.W’05, to appear in EJPC
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Figure 5: Comparison between the limits obtained from the pp̄ → φ → τ+τ− channel at the
Tevatron in the mmax

h (left) and no-mixing (right) benchmark scenarios for different values
of µ.

to an expression for the branching ratio in analogy to eq. (17). Accordingly, a positive ∆b

leads to a suppression of BR(t → H±b), while a negative ∆b leads to an enhancement.
For large values of tanβ, At and Ab there is a large correction proportional to h2

t h
2
b how large are

these correc-
tions?that affects the relation between M2

A and M2
H±. For a fixed value of MH± it drives MA to

rather small values. In the region of small MH± and large tan β currently probed at the
Tevatron [8] the corresponding MA values are below the LEP exclusion bound [2]. Therefore
this channel at present is less relevant for obtaining exclusion limits in the MA–tanβ plane
than the neutral Higgs-boson search channels discussed above. It is expected to become
more competitive, however, with increasing luminosity collected in Run II of the Tevatron.

3.2 Prospects for Higgs sensitivities at the LHC

The most sensitive channels for detecting heavy MSSM Higgs bosons at the LHC are the
channel pp → H, A → τ+τ− (making use of different decay modes of the two τ leptons) and
the channel tH±, H± → τντ (for MH± ≥ mt) [49,50]. We consider here the parameter region
MA # MZ , for which the heavy states H , A are widely separated in mass from the light
CP-even Higgs boson h. Here and in the following we do not discuss search channels where
the heavy Higgs bosons decay into supersymmetric particles, which depend very sensitively
on the model parameters [50–52], but we will comment below on how these decays can affect
the searches with bottom-quarks and τ -leptons in the final state.
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Searches at the Tevatron in the tau tau 
mode

M. Carena, S. Heinemeyer, G.Weiglein,C.W’05, to appear in EJPC





   Cosmology and Astroparticle Physics



A scalar top quark lighter than the top and a light Higgs, with mass smaller 
than 120 GeV, enable the realization of electroweak baryogenesis

Balazs, Carena, Menon, Morrissey, Wagner, 
Phys. Rev. D 71, 075002  (2005)

Supersymmetric Origin of Matter



Tevatron stop searches and dark matter 
constraints

M. Carena, C. Balazs and C. Wagner

Searches for light stops 
difficult in stop-neutralino 
coannihilarion region.

LHC will have equal difficulties. 
Searches become easier at a 
Linear Collider !

Green: Relic density consistent
with WMAP measurements.

Phys.Rev.D70:015007,2004 

Balazs, Carena, Menon, Morrissey, Wagner, 
Phys. Rev. D 71, 075002  (2005)



           Non-Perturbative Analyses





Summary
• Theory Group is very active on a broad range of subjects, including 

collider physics, QCD, Higgs physics, BSM physics, mathematical 
physics  and lattice gauge theories.                                                                                        

• The Group has strongly profited from its interactions with the 
University of Chicago. 

• These interactions served to create joint faculty, postdoctoral and 
student positions which have greatly enhanced the productivity of 
both the University and Laboratory HEP groups.

• A similar collaboration with Northwestern University would be 
strongly welcomed.


